Cancer is a complex and evolving disease that is the leading cause of death in the twenty-first century, and colorectal and liver cancers specifically are in the top 10 cancer types in terms of incidence and mortality; therefore, there has been a shift towards researching prevention strategies, amongst which chemoprevention is key. Coffee is a natural product that has recently gained importance in this area due to its chemopreventive potential and its high level of consumption worldwide. In this review, recent epidemiological and experimental evidence of the chemopreventive effect of coffee against these two types of cancer are presented, and the role of the different compounds present in coffee in cell proliferation, apoptosis and response to oxidative stress are discussed.
Introduction
Coffee is one of the most commonly consumed beverages worldwide; as such, its effect on human health is of great interest. Until recently, coffee consumption has been believed to be associated with adverse effects; however, a great number of epidemiological and experimental studies have been conducted worldwide over the last decade revealing significant beneficial properties in cancer prevention, longevity, cardiovascular health, liver health, diabetes, and stroke, among others. [1] Cancer is of particular interest, as according to the International Agency for Research on Cancer, the cancer burden in 2018 has risen to 18.1 million new cases and 9.6 million cancer deaths worldwide [2] , which means that cancer is the leading cause of death in the 21st century. Given that cancer is such a burden on public health care, in the scientific community there has been a shift towards researching cancer prevention strategies. One of these approaches is chemoprevention, which is defined as the intake of pharmacologic or dietary agents in order to prevent, suppress, or reverse the initiation or progression of carcinogenesis. [3] Therefore, there is an increasing interest in the chemopreventive effects of coffee on cancer, especially for colorectal cancer (CRC), as the colon is directly exposed to the bioactive compounds in coffee when it is ingested. The effects of coffee consumption on liver health are also of interest, as the liver is the major metabolic organ in the body and as such, substances ingested are first processed by the liver before reaching the systemic circulation. Colorectal and liver cancers are in the top 10 cancer types for estimated cases and deaths worldwide for both men and women. [2] In terms of incidence, CRC is the third most commonly diagnosed cancer (10.2%) and liver cancer is the sixth most diagnosed (4.7%); while CRC is the second cause of death by cancer (9.2%) and liver cancer is the fourth (8.2%). This article presents recent evidence of the chemopreventive effect of coffee against these two types of cancer.
Bioactive compounds in coffee
The green coffee bean is composed of minerals, carbohydrates, lipids, proteins, alkaloids (such as caffeine and trigonelline), and carboxylic and phenolic acids (see Figure 1 ). The health benefits of coffee have been mainly attributed to alkaloids, diterpenes and chlorogenic acids [4] ; thereby we will focus on these components in the next sections.
Caffeine (1,3,7-trimethylxantine) is an alkaloid present in coffee, which is almost completely metabolized in the liver, with around 70-80% converted to 1,7-dimethylxanthine (1,7-DMX) by CYP1A2. [5] A wide range of biological effects have been explored for caffeine and related metabolites, including antioxidant, antiproliferative and anti-inflammatory effects. Among others, 1-methylxantine and 1-methyluric acid that are formed from 1,7-DMX have been related to in vitro antioxidant activity. [6, 7] Trigonelline is another alkaloid that can be found in green coffee beans, which is partially degraded into other compounds such as nicotinic acid during the roasting process. [8] Nrf2 is a transcription factor that plays a key role in cancer development and chemoresistance; and it has been reported that trigonelline is an effective inhibitor of Nrf2, thus increasing the sensitivity of chemoresistant cell lines to anticancer drugs. [9] Two important diterpenes in the lipid fraction of the coffee bean are kahweol and cafestol. It has been shown that treatment with cafestol and kahweol induces apoptosis of malignant cells in vitro [10] , and reduces cell proliferation and migration. [11] There is also increasing evidence that these components counteract oxidative stress. [12] Chlorogenic acids (CGAs) are esters formed between caffeic and quinic acids, and represent an abundant group of polyphenols present in green and roasted coffee beans. The major CGAs in coffee include 3-caffeoylquinic acid (3-CQA), 4-caffeoylquinic acid (4-CQA), 5-caffeoylquinic acid (5-CQA), 3,4-dicaffeoylquinic acid (3,4- diCQA), 3,5-dicaffeoylquinic acid (3, , and 4,5-dicaffeoylquinic acid (4, . [13] Among these, 5-CQA is the main CGA present in coffee, and accounts for approximately 10 g per 100 g of the coffee bean. [14] There is considerable evidence to show that CGAs have antioxidant, and anti-inflammatory activities. [15] During roasting, different chemical reactions occur which change the content of CGAs in the roasted coffee bean. [8] It has been suggested that caffeic acid (CA) and quinic acid are chemically incorporated into melanoidins during roasting. [16] Melanoidins are molecules that can be formed at high temperatures, due to the Maillard reaction involving polysaccharides, proteins, and CGAs in the coffee bean. These compounds are of interest due to their antioxidant, antimicrobial, anticarcinogenic, anti-inflammatory, antihypertensive, and antiglycative activity. [17] Colorectal cancer
Overview of colorectal cancer
Current statistics from Globocan 2018 indicate that CRC is the second most prevalent cause of death by cancer in both men and women worldwide, after lung cancer. CRC develops when epithelial cells that line the colon or rectum begin to proliferate uncontrollably due to the accumulation of inherited or acquired gene mutations and epigenetic alterations. [18] In most cases of CRC (60-80%), the DNA mutations that lead to cancer are acquired rather than having been inherited, and often these individuals do not possess a specific genetic marker of susceptibility to this cancer. The remaining 20-40% of cases correspond to familial CRC, in which individuals with family members who have the disease have a greater risk of developing CRC. The most common variants of the inherited type of CRC are familial adenomatous polyposis (FAP) and hereditary non-polyposis colon cancer (HNPCC), which are related to specific mutations in tumor suppressor genes, protoconcogenes, and genes involved in DNA repair. [19] The intestinal epithelium is a dynamic tissue with a high capacity for regeneration. At the base of the colonic crypt there are stem and progenitor cells that undergo differentiation, and these differentiated cells in the upper part of the crypt eventually undergo apoptosis. The balance between proliferation, differentiation, and apoptosis maintains tissue homeostasis. During the development and progression of CRC a deregulation of cell proliferation and differentiation is observed, as well as a progressive inhibition of apoptosis, which is an important mechanism by which colonocytes with DNA damage escape normal mechanisms of elimination and thus continue to replicate to become invasive tumors. [20] There are many factors that are known to increase the risk of CRC, some of which are modifiable and others are not modifiable. Non-modifiable risk factors include a family history of CRC or FAP, a personal history of inflammatory bowel disease, racial and ethnic background (African Americans and Ashkenazi Jews), and having type 2 diabetes. On the other hand, the modifiable or lifestylerelated risk factors include physical inactivity, obesity, certain types of diets, smoking and heavy alcohol consumption.
Diet is a very influential risk factor in the development of CRC, and it is estimated that changes in eating habits could reduce the incidence of this type of cancer by up to 70%. [21] N-nitroso compounds (NOCs) are potential human carcinogens which are found in processed meats or can be formed endogenously in the bowel by the bacterial flora as it degrades bile salts into nitrosamines and nitrosamides, a process which is also promoted by heme found in red meat. [22] Therefore, there is a correlation between a diet high in animal fats, and red or processed meats, and the incidence of CRC. [23] It has also been reported that cooking meats at very high temperatures generates heterocyclic amines and polycyclic aromatic hydrocarbons, which are believed to have carcinogenic properties. [24] Nowadays, it is well known that diets high in vegetables, fruits, and whole grains are essential for bowel health, and both epidemiological and experimental studies have reported that these types of foods may lower the risk of CRC. [25] Epidemiological evidence
In the literature, there is ample epidemiological evidence of the chemopreventive effect of coffee against CRC, summarized in Table 1 . An epidemiological study which included 816 cases of CRC and 815 controls, reported a significant inverse association between the consumption of coffee or polyphenols derived from coffee and CRC, especially in distal colon cancer. [26] Similarly, an analysis of two case-control studies in Japanese population reported a 22% reduction in risk of CRC with three or more cups of coffee a day, especially for distal colon cancer and rectal cancer, suggesting the possibility of a heterogeneous effect of coffee on CRC by anatomical subsite. [27] In 2012, another important epidemiological study on the relationship between coffee consumption and CRC was published. [28] In this study, 489,706 men and women were followed for 10 years, during which time 2,863 cases of proximal colon cancer, 1,993 cases of distal colon cancer, and 1,874 cases of rectal cancer were reported. Those participants who drank more than four cups of coffee per day exhibited a lower risk of developing CRC, especially proximal tumors. These results were the same in the participants who predominantly consumed decaffeinated coffee.
The American Cancer Society's Cancer Prevention Study-II (CPS-II) is a recently published prospective cohort study of 1.2 million participants between 28 and 94 years of age, who were cancer-free at baseline in 1982 and followed through to 2012. Cox proportional hazards regression was used to estimate the association between coffee consumption and death from all cancer types. These analyses showed a nonlinear association between coffee consumption and death from cancer in smokers. Among non-smokers, a two-cup/day increase in coffee consumption was inversely associated with death from CRC. [29] This highlights the importance of taking smoking status into account when assessing the association between coffee consumption and cancer mortality. In another recently published study, a meta-analysis was performed with 19 studies involving 2,046,575 participants and 22,629 patients with CRC. The authors reported that for every four cups of coffee consumed per day the risk of CRC decreased by 7%; however, a higher intake of coffee showed an increased risk, so this seems to be a dose-dependent response. [30] A case-control study of confirmed CRC cases and their matched controls from an area in northern Israel demonstrated that at the highest level of coffee consumption measured (>2.5 cups per day) there was a 54% reduction in the risk of developing CRC. [31] This result was consistent for decaffeinated and boiled coffees, but not for instant or filtered coffee. Stratification according to anatomical subsite showed that results were the same for colon and rectal cancers. As in this geographical area there are several ethnic groups represented, this was also analyzed. Arabs reported the highest level of consumption (3.3 cups per day), followed by Sephardi Jews (2.1 cups per day), and finally by Ashkenazi Jews (1.8 cups per day). The statistically significant inverse dose-response relation between coffee and risk of CRC was maintained in the two largest ethnic subgroups (Ashkenazi and Sephardi Jews), but was limited in the Arab population, indicating that ethnic background may influence the chemoprotective effect of coffee. For example, studies in Japanese population have shown mixed results. A recent meta-analysis of 26 studies carried out in Japan, found no statistically significant association between coffee consumption and risk of CRC in 14 cohort studies, while in the remaining 12 case-control studies there was only a weak association. [32] A meta-analysis of 21 cohort studies of CRC found a similar response. [33] [32] Meta-analysis (21 cohort studies)
Europe, Japan, USA
(185 developed CRC)
Highest vs lowest intake 0.96 No significant association between coffee intake and CRC. [33] Prospective cohort Coffee consumption is associated with significantly reduced cancer recurrence and death in patients. [36] A study carried out in Japan followed 320,322 participants, of which 6,711 developed CRC. In this study women who drank three or more cups of coffee a day exhibited a lower risk than those who did not consume coffee, and this protective effect seemed to be greater in women in the postmenopausal stage; however, no association was observed in the male participants. [34] It is suggested that this protective effect in women is a result of the action of coffee on the metabolism of estrogen. An in vitro study on the effect of coffee on the expression of estrogen sulfotransferases (SULT), proteins that inactivate estrogen by sulfation, showed a 60% reduction in the expression of SULT1E1 in Caco-2 colorectal carcinoma cells treated with coffee for 24 h. [37] Therefore, the daily consumption of coffee can reduce the activity of estrogen sulfotransferases thus improving the activity of estrogen in the colon. However, contradicting results were reported in a large observational cohort of postmenopausal women in the United States in which participants were grouped as non-drinkers, moderate (1-4 cups per day) and high (>4 cups per day) drinkers. [35] Compared to non-drinkers, moderate and high coffee drinkers showed an increased incidence of CRC in the multivariate analysis.
Remarkably, it seems that coffee is not only chemopreventive but is also beneficial for patients who already have CRC. An American prospective study following 953 patients with stage III colon cancer analyzed the influence of coffee on cancer recurrence and mortality during and 6 months after adjuvant chemotherapy. [36] Patients who consumed four or more cups of coffee a day exhibited a significantly reduced risk of cancer recurrence or mortality compared to non-coffee drinkers. Nonherbal tea and decaffeinated coffee drinkers, however, did not experience this risk reduction.
Experimental evidence
As previously discussed, the results of the large epidemiological studies show that coffee consumption reduces the risk of developing CRC, however, it is important to elucidate the molecular mechanisms involved in this chemopreventive effect. It has been proposed that the inverse association between coffee consumption and colon cancer could be explained, at least in part, by the effect of CGAs [38] , which when ingested are metabolized to CA, among other molecules, in the colon. [39, 40] In 2012, Oleaga and colleagues published a paper in which they explored the effect of coffee on gene expression, using microarrays. When HT29 cells were treated with instant (caffeinated) coffee, 57 genes were found to be upregulated, and 161 genes were downregulated. On the other hand, treatment with CA alone induced the overexpression of 12 genes and reduced the expression of 32. [41] Among the over-expressed genes, 33% were transcription factors, 25% were involved in cell cycle, and 16.7% were genes involved in processes of biosynthesis or immune response. Among the downregulated genes, 30% were cell cycle genes, 15% were involved in biosynthesis processes and 12% were transcription factors.
Experimental studies using in vitro and in vivo models of CRC have shown that coffee affects cell cycle progression, proliferation, and apoptosis, in a dose-dependent manner (see Table 2 ). In Caco-2 cells treated with roasted and ground coffee infusions, proliferation was completely inhibited at a concentration of 3.75% without affecting cell viability. [42] However, this effect was not observed when the cells were treated with caffeine, CA or CGA. Cells treated with the coffee infusion also exhibited a reduced expression of KRAS, which is important as CRC is associated with the abnormal activation of the KRAS signaling pathway. [52] When the degree of roasting was increased the reduction in KRAS was more prominent, suggesting that melanoidins formed during roasting may be responsible for this effect.
In a very recently published study, the mechanism of chemoprevention by p-coumaric acid (p-CA), a hydroxycinnamic acid present in coffee beans, was explored in rats. [43] The authors reported that in rats supplemented with p-CA there was a downregulation in proteins involved in cell cycle and proliferation; however, proteins involved in detoxification and apoptosis were up-regulated. These results explain how p-CA present in coffee reduces polyp formation in an animal model. A similar effect on apoptosis has been observed in an in vitro model of CRC. In HCT-15 and HT-29 cells treated 
No effect on cell viability
↓ proliferation ↓ KRAS [42] In vivo: Male Wistar rats p-CA: 100mg/kg/day 15 weeks Gene expression in colon tissue measured by IHC, immunoblotting and qPCR.
↓ cyclin B1, cdc2, mdm2
(cell cycle regulation) ↓c-fos, c-jun, c-myc (protooncogenes)
↑ apoptotosis ↑ detoxification [43] In vitro: [44] In vitro: HCT116, SW480, LoVo and HT-29 cells Kahweol: 0, 12.5, 25 and 50 mM. Treated for 24 h Apoptosis and ATF3 expression (with/without siRNA) measured by RT-PCR, and western blot.
↑ ATF3 expression ↑ apoptosis [45] In vitro: ↑ caspase-3 ↓ Bcl-2 and p-Akt ↓ HSP70 ↑ apoptosis [46] In vitro:
HCT-116 and SW-480 cells [47] In vitro: Caco-2 cells 3-CQA, 4-CQA, 5-CQA, 3,4-diCQA, 3,5-diCQA, 4,5-diCQA: 0.2, 1, and 2 mM Pretreated for 24 h Oxidative-stress response pathway and Nrf2 signaling pathway were evaluated. [48] (Continued ) ↓ intracellular ROS ↑ cell viability [49] In vitro: Caco-2 cells ↓ nuclear translocation of the p65 subunit ↓ phosphorylation of IKK ↓ PKD [50] In vitro: Caco-2 cells with p-CA more cells were arrested at sub-G 1 in the cell cycle analysis, which resulted in a reduction in cell proliferation and colony formation. [44] Additionally, mitochondrial membrane potential diminished and ROS formation increased, leading to an increase in apoptosis. Kahweol, a coffee-specific diterpene, has a similar effect. In human CRC cell lines (HCT116, SW480, LoVo, and HT-29) treated with kahweol, expression of activating transcription factor 3 (ATF3) increased proportionally to the dose of kahweol used. [45] ATF3 expression contributed to kahweol-mediated apoptosis, although the molecular mechanism has not been fully elucidated. Another study with HT-29 human colon adenocarcinoma cells reported that treatment with kahweol increased the expression of caspase-3, which is a pro-apoptotic factor, and decreased the expression of anti-apoptotic factors, such as Bcl-2 and phosphorylated Akt, as well as reducing the expression of 70-kDa heat shock proteins (HSP70), all of these leading to an increase in apoptosis. [46] CA derivatives also promote apoptosis in human colon cancer cells HCT-116 and SW-480 in a dose-dependent manner. [47] These cells treated with caffeic acid phenethyl ester (CAPE) and caffeic acid phenylpropyl ester (CAPPE) presented G 0 /G 1 cell cycle arrest and thus an inhibition of proliferation. In order to explore the molecular mechanisms by which cell cycle arrest is induced, the authors measured the effects of CAPE and CAPPE on the PI3-K/Akt, mTOR, and AMPK signaling pathways. Treatment with the CA derivatives inhibited phosphorylation of PDK1, Akt, and mTOR, whereas the expression of 14-3-3 protein, N-cadherin and phosphorylation of the FOXO3 proteins were upregulated. To verify these findings, the effects of CAPE and CAPPE were measured on the growth of HCT-116 cells in a mouse xenograft model. By the end of the study period, mice who were supplemented with CAPE or CAPPE had reduced tumor weights compared to the control group.
Many in vitro and in vivo studies have also shown that compounds present in coffee have an antiinflammatory effect on the intestinal epithelium. Recently, human intestinal Caco-2 cells were treated with the six major CGA isomers: 3-caffeoylquinic acid (3-CQA), 4-caffeoylquinic acid (4-CQA), 5-caffeoylquinic acid (5-CQA), 3,4-dicaffeoylquinic acid (3,4-diCQA), 3,5-dicaffeoylquinic acid (3,5-diCQA), and 4,5-dicaffeoylquinic acid (4,5-diCQA), and then challenged with inflammatory mediators. [48] Oxidative stress was measured and was found to be reduced in cells treated with the CGA isomers, specially by diCQA. In these cells, ROS was reduced, reduced glutathione (GSH) was increased, and the Nrf2 signaling pathway was activated leading to upregulation of GPX2, KEAP1, and NFE2L2, which are Nrf2 target genes. These results confirm that CGA isomers present in coffee lessen oxidative stress in in vitro models of CRC. In a similar study [49] , Caco-2 cells were treated with lyophilized coffee infusions and then exposed to oxidative stress. In cells pretreated with coffee, ROS values decreased as compared to non-treated cells, thus increasing cell viability. Furthermore, Caco-2 cells treated with CGA and CA exhibited a reduction in H 2 O 2 -induced ROS, a reduction in both IL-8 and nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) transcriptional activity, suppressed nuclear translocation of the p65 subunit, phosphorylation of IκB kinase (IKK), and protein kinase D (PKD). [50] Therefore, CGA and CA suppress PKD-NF-κB signaling. The anti-inflammatory effect of CGA on IL-8 production had previously been shown in Caco-2 cells, and C57BL/6 mice with induced colitis symptoms. [51] This study showed that in Caco-2 cells, NFα and IL-8 production induced by exposure to H 2 O 2 were reduced in cells treated with CGA; furthermore, in the animal model mRNA expression of proinflammatory cytokines (colonic macrophage inflammatory protein 2 and IL-1β) was downregulated in mice with CGA supplementation, thus suggesting that dietary CGA reduces intestinal inflammation.
Hepatocellular carcinoma

Overview of hepatocellular carcinoma
Liver cancer is the fifth most diagnosed cancer worldwide with an increasing incidence each year, making it the second cause of cancer-related death globally. Hepatocellular carcinoma (HCC) There is an inverse association between coffee intake and liver cancer. [66] ≥4 cups (600 mL) vs 2 cups (300 mL)/day 0.25 CLD: Chronic liver disease; HCC: Hepatocellular carcinoma.
represents the major histologic type of primary liver cancer, accounting for 70% to 85% of the total liver cancer burden worldwide. [53] In HCC, hepatocytes accumulate somatic genetic alterations that combine mutations in both driver and passenger genes. [54] Distribution of HCC closely follows the global distribution of HBV and HCV infection, with the highest rates of HCC seen in those regions where these infections are endemic. Considering this, the major risk factors for developing HCC are infection by HBV or HCV, followed by alcoholic liver disease, and nonalcoholic fatty liver disease (NAFLD). [55] Most of these risk factors lead to chronic hepatitis and cirrhosis, which is present in 80-90% of HCC patients [56] , which generate a tissue microenvironment of inflammation and increased proliferation that affects the normal physiology of the hepatocytes, which in normal circumstances have a low turnover rate and a life expectancy of more than a year. In response to parenchymal cell loss due to injury, the liver can regenerate by proliferation of the main epithelial cell compartments (hepatocytes and cholangiocytes), followed by proliferation of mesenchymal cell types (hepatic stellate cells) and endothelial cells [53] , which triggers a progressive accumulation of extracellular matrix (ECM) components enriched in collagen. [57] Hepatic stellate cells (HSCs) are considered to be the main producers of ECM during liver fibrosis, as upon acute or chronic liver injury, a complex network of autocrine/paracrine fibrogenic signals promotes transdifferentiation of quiescent HSCs to a myofibroblastic phenotype. [57] Paracrine factors such as platelet-derived growth factor (PDGF), transforming growth factor β (TGFβ), and connective tissue growth factor (CTGF) activate signaling pathways of cell proliferation, migration, ECM protein secretion, and contractility that promote transdifferentiation of precursor mesenchymal cells. Proliferating myofibroblasts are the key source of excess ECM molecules such as collagen type I and III, as well as other proteins that constitute pathologic fibrous tissues with fibrotic nodules characteristic of cirrhosis, setting the stage for dysplastic nodules and epigenetic and genetic changes resulting in the development of HCC. [55, 58] Hepatocarcinogenesis is a process connected to the disruption of several signaling pathways involved in cell survival, proliferation, differentiation, and apoptosis, like MAPK-ERK, TGF-β y Wnt/β-catenin. These signaling cascades in hepatoma cells are usually interconnected and are affected by the aberrant expression of proto-oncogenes or loss of tumor suppressor genes, like p53 and retinoblastoma (Rb). Dysregulation of these genes results in distinct cell-cycle checkpoints or resistance to apoptosis. In addition, genomic instability is common due to DNA damage caused by oxidative stress, defects in chromosome segregation and alterations in the length of telomeres. [56] Epidemiological evidence Cohort and case-control studies have reported an inverse association between coffee consumption and the degree of liver fibrosis as well as the development of liver cancer [59] and these beneficial effects have been confirmed by large meta-analyses (summarized in Table 3 ). A protective effect derived from coffee consumption has been observed in case and control population studies and meta-analysis between 2005 and 2008. [60] Several of these important works have been carried out in Japan, all of them reporting a protective effect. One such cohort study found 90,452 individuals, of whom 250 men and 84 women developed HCC after 10 years of follow-up. [61] When comparing the rate of HCC in this cohort, those who did not consume coffee had a higher rate (547.2 vs. 214.6 per 100,000 people). Those who reported regular coffee consumption were 50% less likely to develop HCC compared to those who did not report higher consumption (hazards ratio (HR) = 0. 49, 95% CI = 0.36-0.66). Additionally, an association dependent on frequency of consumption was observed in this study; specifically, the HR for 1-2 cups per day was 0.52 (95% CI = 0. 38-0.73), for 3-4 cups per day was 0.48 (95% CI = 0.28-0.83), and greater five cups per day was 0.24 (95% CI = 0. 08-0.77).
The first meta-analysis that quantitatively assessed the relation between coffee consumption and the risk of liver cancer was published by Larsson & Wolk in 2007, that included nine studies (four cohort and five case-control studies) from Japan and southern Europe (Italy and Greece), involving a total of 2,260 cases of HCC and 239,146 healthy individuals of both sexes. All studies reported an inverse relationship between coffee consumption and risk of HCC, but in only six studies was this association statistically significant. [62] This result is consistent with population studies and in vivo models that support that coffee protects against liver damage, an effect determined by measuring transaminase enzymes and a lower risk of developing cirrhosis, an injury that predisposes to the appearance of HCC. [67] In a recent meta-analysis of eight cohort, and eight case-control studies, including a total of 3,153 cases of HCC, Bravi and colleagues found that the risk of HCC was reduced by 40% for any coffee consumption versus no consumption. [63] They reported a Risk Ratio (RR) of 0.60 (95% CI: 0.50-0.71) in coffee drinkers compared to non-drinkers, with similar results in case-control (RR: 0.56, 95% CI: 0.42-0.75) and cohort studies (RR: 0.64, 95% CI: 0.52-0.78). Compared with no coffee consumption, the summary RR was 0.72 (95% CI, 0.61-0.84) for low consumption and 0.44 (95% CI, 0.39-0.50) for high consumption. In addition, a risk reduction was observed in both patients at low risk of HCC or at high risk (chronic carriers of hepatitis B and C markers, and heavy alcohol drinkers), and in studies from Europe, North America, and Asia. The inverse relationship between coffee and HCC risk was consistent regardless of the subjects' sex, alcohol consumption, or history of hepatitis or liver disease.
A large meta-analysis published in 2016, included nine cohort studies measuring the relation between high versus low coffee intake and HCC, and seven dose-response studies. The summary RR was 0.46 (95% CI = 0.37-0.57, P = 0) suggesting an inverse association between coffee consumption and liver cancer incidence. However, an analysis by gender revealed there was no significant relationship between coffee intake and the risk of liver cancer in women. The dose-response analysis showed a statistically significant inverse association (RR = 0.73, 95% CI = 0.67-0.79) with an increased intake of two cups of coffee per day. [33] In a more recent meta-analysis of 12 cohort studies, including 3,414 cases of HCC, the same researchers reported a RR of 0.66 (95% CI: 0.55-0.78) in habitual coffee drinkers compared with non-drinkers or occasional drinkers. [64] The RR was 0.78 (95% CI: 0.66-0.91) in patients reporting moderate coffee consumption and 0.50 (95% CI: 0.43-0.58) in patients reporting high consumption.
The same meta-analysis also considered five studies on cirrhosis, a condition associated with the pathogenesis of HCC. On the basis of a total of more than 1400 cases, the RR of cirrhosis was 0.62 (95% CI: 0.47-0.82) in habitual coffee drinkers compared with non-drinkers or occasional drinkers, 0.72 (95% CI: 0.59-0.88) in moderate drinkers, and 0.35 (95% CI: 0.22-0.56) in heavy drinkers.
Another meta-analysis including 18 cohorts and 8 case-control studies, reported a reduction of 27% (RR 0.73, 95% CI 0.63 to 0.85) and 14% (RR 0.86, 95% CI 0.74 to 1.00) in the risk of HCC in participants who drank two cups of caffeinated or decaffeinated coffee, respectively. This study included participants with pre-existing liver disease, which did not significantly alter the relation between coffee consumption and risk of HCC. [65] In a nested case-control study that included 125 cases of HCC and 250 controls, 1 cup of coffee a day was associated with a lower risk of HCC (RR: 0.87, 95% CI: 0.77, 0.98). An intake of ≥4 cups of coffee a day compared with <2 cups, the multivariable-adjusted RR was 0.25 (95% CI: 0.11, 0.62; P-trend = 0.006). Interestingly, coffee intake was positively associated with C-peptide and inversely associated with IL-6, GLDH, ALT, AST, GGT, alkaline phosphatase, total bilirubin, and AFP, which are biomarkers associated with a higher risk of HCC. [66] 
Experimental evidence
Many in vitro and in vivo studies have also shown that compounds present in coffee have an antiinflammatory effect, as well as a protective effect against liver fibrosis and HCC progression, which will be discussed in this section, and summarized in Table 4 . One of the main alkaloids present in coffee is caffeine, for which a wide range of biological effects have been explored, including antioxidant, antiproliferative and anti-inflammatory. In a study where the effects of caffeine were [68] In vitro: HepG2 cells
In vivo:
Male Wistar rats treated with CCl4
Pickering emulsion with caffeine at 1.5% 37.5 mg/kg/day
days
Hepatoprotective effect of caffeine on liver damage measured by cell viability assays, measurement of AST, ALT, NO and catalase.
↓ cell viability ↓ AST, ALT ↓ NO ↑ catalase ↓ PKC [69] In vitro: HepG2 cells Green coffee bean extract: 1, 10 and 50 μg/ h Effect of coffee on oxidative stress measured by cell viability, LDH assay, ROS production, and enzyme activity assays.
↓ cellular and macromolecular damage ↓ cytotoxicity ↓ROS ↑ GSH ↓ GPx and GR No effect with caffeine. [70] In vitro: AML-12, LX2 cells and primary pepatocytes [71] In vitro: Primary Kupffer Cells and primary hepatocytes ↓ pro-inflammatory cytokines IL-1, IL-6 and TNF-α. ↓phosphorylation of NFκB. ↓phosphorylation of STAT3 [72] In vitro: HepG2 cells In cells: ↓ cell viability ↑ Arrest in S-phase In animal model: ↓ tumor size In both: ↓ pERK1/2 ↓ MMP-2 and MMP-9 [73] In vitro: HepG2 and Hep3B cells [74] (Continued ) ↓ lipid peroxidation [75] In vitro: N1-S1 hepatoma cells [76] In vitro: WCH-17 cells CA: 1 mM 12, 24, 36, and 48 h Toxicity of CA in HCC model measured by cell proliferation, caspase assay, mitochondrial membrane potential and ROS measurement.
↓ proliferation ↑ Caspases 3/7. ↑ROS ↓ mitocondrial membrane potential [77] In vitro: Huh-7 and HepG2 cells ↑ apoptosis In animal model: ↓ liver nodules ↓ cirrhosis ↓ inflammatory markers [78] 3,5-DCQA: evaluated in hepatic stellate cells (HSCs), it was reported that treatment with caffeine increased apoptosis, increased the expression of intracellular F-actin and cAMP, and inhibited the expression of procollagen type Ic and α-SMA; which suggests that caffeine can attenuate the progression of liver fibrosis by inhibiting HSCs adhesion and activation. [68] The authors confirmed these results in a rat model where caffeine decreased peri-portal inflammation, levels of inflammatory cells and fibrosis.
Another study testing an oral sustained release hepatoprotective formula with caffeine showed a 36% reduction in cell viability of human hepatocellular carcinoma cells (HEPG2). [69] Additionally, measurement of liver enzymes (ALT and AST), oxidative stress biomarkers and inflammatory marker protein kinase C, in a mouse model of carbon tetrachloride-induced liver fibrosis, showed that treatment with the caffeine formula reduced these levels significantly. However, evidence is mixed, as another study reports that caffeine has no protective effect against oxidative stress in human hepatocellular cells. [70] In this study, HepG2 cells were pretreated with either a green coffee bean extract, hydroxycinnamic acids (5-CQA and 3,5-DCQA), or caffeine prior to inducing oxidative stress with tert-butylhydroperoxide (t-BOOH). Pre-treatment with the green coffee bean extract or the hydroxycinnamic acids prevented cellular and macromolecular damage induced by t-BOOH, reduced cytotoxicity and ROS levels, increased GSH levels, and reduced levels of antioxidant enzymes (GPx and GR). However, none of these effects against oxidative stress and inflammatory response were observed when cells were treated with caffeine. Another component found in coffee that has been found to ameliorate liver inflammation is kahweol. A recently published study reported a protective effect by inhibiting liver inflammation in primary Kupffer cells and primary hepatocyte cultures of C57BL/6 rats. [71] After inducing inflammation with Lipopolysaccharide (LPS), treatment with kahweol decreased production of proinflammatory cytokines such as interleukin (IL)-1, IL-6, and tumor necrosis factor-α (TNF-α), and decreased phosphorylated NFκB level. This is supported by the findings from another study by the same authors, where kahweol treatment was shown to reduce hepatic fibrosis in a thioacetamide (TAA)-induced hepatic fibrosis mouse model, as well as in the mouse hepatocyte AML-12 cell line and the LX2 human hepatic stellate cell line. [72] Connective tissue growth factor (CTGF) and type I collagen are known to be overexpressed in fibrotic liver disease, and are stimulated by TGF-β. Treatment with kahweol decreased TGF-β, thus inhibiting CTGF expression and type I collagen accumulation. Markers of liver damage, such as serum ALT and AST were also reduced posttreatment with kahweol. Additionally, kahweol significantly decreased the expression and phosphorylation of activator of transcription 3 (STAT3), extracellular signal-regulated kinases (ERK), and c-Jun N-terminal protein kinase (JNK), which are involved in fibrogenic signals that trigger CTGF expression.
Chlorogenic acid (CGA) represents the major phenolic component found in coffee. CGAs are mainly esters of quinic acid with caffeic, ferulic, or coumaric acids. A recent study reported that in HepG2 cells treated with CGA, above 250 μM, cell viability dropped by more than half, and cell cycle analysis showed that cells were arrested in the S-phase. [73] Immunodeficient mice with HepG2 xenografts were treated with CGA and exhibited a significant reduction in tumor progression (up to 90%). Treatment with CGA remarkably inhibited phosphorylation of ERK1/2 in both HepG2 cells and the nude mice, which is consistent with the key role that the MAPK signaling pathway plays in proliferation. Expression of matrix metalloproteinases (MMPs) was also reduced in cells and mice treated with CGA, indicating that there is a reduction in the degradation of the ECM, and therefore in tumor growth and invasion. CGA has also been shown to increase the efficacy of chemotherapeutic agents, such as fluorouracil . In a study with HepG2 and HepG3 human HCC cells, treatment with 5-FU reduced cell viability to 62.75%, while treatment with CGA alone reduced viability to 38%, which is an even greater effect. [74] A combined treatment approach with 5-FU and CGA enhanced the effect and reduced cell viability up to 33.43%. Treatment with 5-FU induces significant ROS production, which was even more prominent when combined with CGA. One type of stress that induces activation of the MAPK pathway is oxidative stress caused by ROS, so the authors evaluated phosphorylation of ERK. Treatment with 5-FU or CGA alone presented no changes in ERK1/2; however, when cells were treated with a combination of 5-FU and CGA phosphorylation of ERK1/2 was significantly reduced, most likely due to the increase in ROS production.
Molecular mechanism
To date, the molecular mechanisms that explain the chemoprotective effect of coffee have not been widely described, however, we know that in part this effect is mediated by major components such as CGAs, caffeine, cafestol, and kahweol, as well as melanoidins in the roasted coffee bean. In Figure 2 we present an overview of the molecular mechanisms involved in the chemoprotective effect of coffee in CRC and HCC. Based on experimental studies it is known that coffee influences oxidative stress mechanisms, reducing ROS production and increasing mechanisms of ROS scavenging, as well as reducing the expression of inflammatory cytokines. When levels of oxidative stress are high, coffee induces cell cycle arrest which in turn reduces cell proliferation, and activates apoptosis.
Conclusion
Coffee is one of the most consumed beverages worldwide. It is a complex mixture of bioactive compounds, many of which have been shown to have beneficial health effects, specifically in terms of chemoprevention. Epidemiological studies suggest a dose-dependent effect in reducing the risk of developing CRC and HCC. Caffeinated coffee seems to have an enhanced effect as compared to decaffeinated coffee, which demonstrates that caffeine plays a role in this chemoprotective effect, although it may not be the main responsible component. According to experimental studies, coffee polyphenols, such as CGAs, seem to be the key players in promoting antioxidant, anti-inflammatory, antiproliferative and pro-apoptotic effects in human cells. Treatment with these components results Figure 2 . Overview of the molecular mechanisms involved in the chemoprotective effect of coffee in CRC and HCC. The main experimental findings related to caffeine, chlorogenic acids and/or coffee diterpenes are summarized. Liver-specific effects are shown on the right and CRC specific effects are shown on the left. Oxidative stress mechanisms play a central role in the chemopreventive effect of coffee, in the negative regulation of cell proliferation and tumor growth, as well as increasing apoptosis and autophagy. in a decrease in markers of inflammation and oxidative stress. Specific diterpenes of coffee such as kahweol and other phenolic compounds such as CA and FA promote expression of pro-apoptotic molecules and decrease the expression of apoptosis inhibitors, as well as promoting cell cycle arrest, thus they have pro-apoptotic and anti-proliferative effects in cancerous cells. Additionally, these compounds have been shown to regulate multiple signaling pathways including KRAS, PI3K/AKT/ mTOR, TGF-B, MAPK-ERK, and Wnt/B-catenin. All these effects, in sum, support the antitumor effect of coffee. However, more studies into the biological mechanisms, as well as clinical trials, are needed to further understand the mechanisms by which coffee prevents tumor development and progression and whether molecular targets can be identified.
